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LSST	  Sensors	  
Science	  sensors	  
–  Good	  prototypes	  from	  e2v	  and	  ITL,	  passed	  FDR	  
–  First	  ar(cles	  ordering	  in	  progress	  

Produc(on	  in	  2015	  -‐	  2019	  
–  Sensor	  acceptance	  tes(ng	  and	  raN	  assembly	  in	  BNL	  and	  LPNHE	  

(Paris)	  
–  RaN	  integra(on	  in	  camera	  cryostat	  at	  SLAC	  	  

Tes(ng	  labs:	  careful	  characteriza(on	  of	  sensors	  (beyond	  
acceptance	  tes(ng)	  
–  BNL	  (includes	  raN	  characteriza(on)	  
–  Harvard	  
–  LPNHE	  	  
–  UC	  Davis	  



ITL	  sensors	  	  

Received	  good	  quality	  ITL	  sensors	  
– Sensor	  design/produc(on/packaging	  chain:	  	  	  	  	  	  	  	  	  
ITL	  à	  STA	  à	  DALSAàITL	  	  	  

– Extensively	  tested	  in	  Harvard	  and	  BNL	  

Observing	  some	  interes(ng	  features	  
	  



ITL	  sensors:	  structures	  

Pixel	  physical	  size	  distor(ons	  due	  to	  masks?	  
–  Period	  41	  pixel	  x	  10	  micron	  =	  410	  micron	  
–  DALSA	  used	  electron	  beam	  mask	  writer,	  could	  it	  be	  DAC	  differen(al	  
non-‐linearity?	  Old	  sensors	  had	  laser-‐wri_en	  mask	  and	  did	  not	  have	  this	  

–  Weak	  dependence	  on	  bias,	  no	  wavelength	  dependence	  

O’Connor	  



Same	  effect	  in	  DES?	  
•  Same	  vendor	  (DALSA)	  
•  27.333	  pixel	  periodic	  modula(on	  seen	  in	  dome	  flats	  
•  27.333	  x	  15	  micron	  =	  410	  micron	  :	  same	  period	  as	  LSST	  	  
•  Is	  it	  purely	  photometric?	  

Bernstein	  



ITL	  sensors:	  Bamboo	  

•  Bamboo-‐like	  structure	  at	  low	  bias	  
•  May	  disappear	  for	  nominal	  bias	  –	  related	  to	  deple(on?	  
•  Not	  visible	  in	  UV	  

  

Flat field ITL 112-07 Amp #4
versus substrate voltage

O’Connor	  



LSST:	  sensor	  simula(ons	  
•  We	  are	  working	  on	  valida(on	  of	  main	  sensor	  effects	  in	  PhoSim	  

and	  will	  propagate	  this	  to	  studies	  of	  WL	  systema(cs	  
–  Regular	  mee(ngs	  and	  tutorials	  (Peterson	  et	  al)	  

•  h_ps://confluence.slac.stanford.edu/display/LSSTDESC/PhoSim+Telecons	  
–  Tree	  rings	  (BNL	  –	  Nomerotski	  &	  Beamer)	  
–  Brighter-‐Fa_er	  effect	  (Duke	  –	  Walter)	  
–  …	  long	  list	  of	  other	  effects	  

•  Simula(ons	  of	  lab	  setups,	  comparison	  to	  measurements	  
–  UC	  Davis	  LSST	  simulator	  in	  PhoSim	  (Tyson	  et	  al)	  
–  BNL	  flats	  and	  spot	  projector	  
	  

•  Use	  tuned	  simula(ons	  to	  evaluate	  sensor	  effects	  on	  science	  
–  For	  ex:	  PSF	  and	  astrometric	  chroma(c	  biases	  due	  to	  sensor	  effects	  
(tree	  rings	  and	  edges)	  



Brighter-‐Fa_er	  Effect	  in	  Simula(ons	  

Chris	  Walter	  (Duke)	  
•  Valida(on	  of	  charge	  
diffusion	  and	  charge	  
sharing	  models	  

•  Correla(ons	  in	  simulated	  
flats	  

Next:	  
•  Compare	  to	  data	  
•  Effects	  in	  Photon	  Transfer	  
Curve	  

Autocorrela)on'of'flat'is'not'what'
I'expect…'

Calculate'2D'spa)al'Autocorrela)on'
shape'is'(400,'408)'
[['41.222e403''49.809e404'''4.567e404]'
'['42.498e403'''1.000e+00''42.686e403]'
'[''3.385e404''41.237e403''41.354e403]]'

Calculate'2D'spa)al'Autocorrela)on'
shape'is'(400,'408)'
[['0.031''0.03'''0.026]'
'['0.031''1.'''''0.031]'
'['0.026''0.03'''0.031]]'

Perfect'

Charge'sharing'only'

Sta)s)cs?''Something'different'in'flat'genera)on?'

With'and'without'angle'change'

Walter	  



Single-‐CCD	  image	  from	  RaN	  Test	  Cryostat	  
RaN	  Cryostat	  

LSST:	  Integra(on	  of	  Sensors	  and	  
Electronics	  

•  RaN	  test	  cryostat	  in	  opera(on	  in	  BNL	  
–  So	  far	  a	  single	  CCD	  

•  Full	  signal	  chain	  from	  op(cal	  input	  
to	  DAQ	  

•  Separate	  thermal	  zones	  for	  CCDs	  
and	  custom	  electronics	  

•  9-‐CCD,	  144	  Mpix	  camera	  –	  planned	  
as	  LSST	  Commissioning	  Camera	  
2019-‐2021	  

O’Connor	  et	  al	  


